A s cesarean birth rates continue to rise, 1 increasingly more women are faced with the choice of planning a vaginal or cesarean birth after a previous cesarean birth. Current clinical practice guidelines in Canada recommend that planned vaginal birth be offered to women with 1 previous transverse low-segment cesarean and no contraindications, provided that discussions of maternal and perinatal risks and benefits have taken place.
A few studies have evaluated the role of a history of prior vaginal birth in moderating adverse maternal outcomes of birth after a cesarean birth. A 1999-2002 study of 13 532 births in the US among women with at least 1 prior cesarean birth reported a significant decrease in the rate of uterine rupture for planned vaginal births after at least 1 prior vaginal birth. 15 Prior vaginal birth was associated with one fifth of the risk of uterine rupture in a US hospital-based study on 3783 births. 16 A third hospital-based study (n = 2204) reported no difference in the rates of uterine rupture. 17 We compared maternal and perinatal outcomes according to history of prior vaginal birth in a population of women planning a vaginal or cesarean birth after a previous cesarean birth.
Methods

Study setting and design
We conducted a retrospective cohort study using data from the British Columbia Perinatal Data Registry for 2000-2008. Women with 1 or 2 prior cesarean births carrying a singleton fetus in cephalic presentation at term (37-41 weeks of gestation completed) were included. In British Columbia, 17.9% of women have more than 2 children. 18 Women with gestational hypertension, pre-existing diabetes and cardiac disease were excluded.
Outcomes were designated as life-threatening or non-life threatening by a multidisciplinary group of obstetricians, pediatricians, anesthetists, nurses and midwives who were funded to apply methods in quality assurance for the evaluation of cesarean birth rates in BC. 19 Maternal outcomes categorized as life-threatening included deep vein thrombosis, pulmonary embolism, amniotic embolism, uterine rupture, hysterectomy, surgery to control intrapartum or postpartum bleeding, receipt of blood transfusion, septic embolism, and pulmonary, cardiac, or central nervous system complications from anesthesia. Non-life threatening adverse outcomes included uterine dehiscence, surgical wound infection, puerperal infection or sepsis, and non-life threatening anesthesia complications, including failed or difficult intubation.
Fetal and neonatal outcomes were similarly categorized. Death or life-threatening outcomes included intrapartum stillbirth, neonatal death, an Apgar score of 3 or less at 5 minutes, admission to a neonatal intensive care unit, need for ventilation, a diagnosis of hypoxic ischemic encephalopathy or intraventricular hemorrhage. Non-life threatening outcomes included an Apgar score of 4-6 at 5 minutes, requirement for oxygen lasting more than 24 hours, admission to an observation nursery or birth trauma, including Erb palsy or other facial nerve injury, ocular damage, liver hematoma, or fracture of the clavicle, long bones or skull. Infants with congenital anomalies were excluded from the analyses of neonatal outcomes.
Approval to conduct the study was obtained from The University of British Columbia Clinical Research Ethics Board.
Sources of data
The British Columbia Perinatal Data Registry contains the data for 99% of all births in BC, including home births attended by registered midwives. Data were extracted from standardized birth records by trained health-records staff using standardized protocols, then merged with additional diagnostic and procedural codes from the Canadian Institute for Health Information (CIHI) hospital discharge data and compared with data from the British Columbia Ministry of Health Vital Statistics Agency to ensure completeness and accuracy. 20 
Statistical analysis
Relative risks of planned vaginal versus planned cesarean birth were calculated using Poisson regression with robust error variance. 21 We assessed sociodemographic and pregnancyrelated characteristics for their role as confounders. We planned to retain variables in the final multivariate models if their sequential removal from the full multivariable model changed the estimates of RRs between planned mode of delivery and outcomes of interest by at least 10%. We report absolute differences or attributable risk (AR) in outcomes according to planned mode of delivery. Our sample size provided us with greater than 80% power for the detection of an absolute difference of 1.0% in our composite outcomes (1.5% among non-life threatening maternal outcomes) from our baseline rates among the planned cesarean birth group, with a type I error of 0.05, 2-sided. We calculated number needed to treat (NNT) or harm (NNH) as the inverse of the AR. No adjustments were made for multiple comparisons. All analyses were carried out using SAS software version 9.3 (SAS Institute Inc., Cary, NC).
Results
We analyzed the data for 33 812 women with either 1 (n = 29 446) or 2 (n = 4366) prior cesarean births. Only 717 women (2% of all women who gave birth in BC during the study period) had more than 2 prior cesarean births. Among 28 406 women with no prior vaginal deliveries, 7614 (26.8%) planned a vaginal birth; 4766 (62.6%) subsequently delivered vaginally. There were 5406 women (16.0%) who had a prior vaginal birth and, of these, 3726 (68.9%) planned a vaginal birth; 3297 (88.5%) subsequently delivered vaginally. We excluded women with unknown planned modes of delivery (n = 41).
Women planning a vaginal birth were slightly younger and more likely to have normal or low body mass index (BMI) than those planning a cesarean birth with and without a prior vaginal delivery (Table 1) . Single parent status, newborn birth weight and size of the hospital where the birth took place did not differ between comparison groups. In all multivariate models, exclusion of each of the covariates listed in Table 1 did not alter the relative risk by more than 10%; therefore, we present unadjusted relative risks.
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Maternal outcomes
There were no maternal deaths. The composite risk of lifethreatening outcomes was significantly elevated among women planning vaginal birth compared with cesarean birth among women without history of vaginal deliveries (RR 2.52, 95% CI 2.04-3.11) and those with 1 or more previous vaginal deliveries (RR 2.06, 95% CI 1.20-3.52) ( Table 2 ). The ARs were 1.31% (NNH = 76) and 1.01% (NNH = 99, respectively, (i.e., the number of women who would have to have a vaginal birth before the expectation of a life-threatening outcome). The risk of uterine rupture was significantly elevated among women without a previous vaginal delivery planning a vaginal birth compared with cesarean birth (RR 6.93, 95% CI 3.65-13.16), but this risk was not significantly elevated among Birth weight, g; mean ± SD 3 552 ± 463 3 500 ± 450 3 584 ± 493 3 501 ± 487
Note: BMI = body mass index, CS = cesarean section, SD = standard deviation. *Unless otherwise specified. †Unknown BMI value not included in total for calculation of percentage (n = 5 623). ‡Unknown BMI value not included in total for calculation of percentage (n =12 908). §Unknown BMI value not included in total for calculation of percentage (n = 2 473). ¶Unknown BMI value not included in total for calculation of percentage (n = 960). 
Fetal and neonatal outcomes
The composite risk of intrapartum stillbirth, neonatal death or life-threatening neonatal outcomes among neonates was significantly elevated among women planning vaginal birth compared with cesarean birth after no prior vaginal delivery (RR 1.65, 95% CI 1.20-2.26) but not after a prior vaginal delivery (Table 3) . The AR was 0.32% (NNH = 312). The risk of an Apgar score of 3 or less at 5 minutes (RR 8.85, 95% CI 2.89-27.14) and admission to a neonatal intensive care unit (RR 1.54, 95% CI 1.04-2.26) were elevated among newborns of women planning a vaginal birth without a prior vaginal delivery but not among those whose mothers had a prior vaginal delivery.
The composite risk of 1 or more non-life threatening neonatal outcomes was not significantly different according to planned mode of birth among women with no previous vaginal deliveries and was significantly decreased among women planning a vaginal birth with a previous vaginal delivery (RR 0.67, 95% CI Given that 87.1% of women in our sample had only 1 previous cesarean birth, we analyzed outcomes for this subset ( Table 4 , Table 5 ). The direction and size of differences for each outcome group according to planned mode of delivery was similar to those for the entire sample.
Interpretation Main findings
The association between planned mode of delivery and adverse outcomes after 1 or 2 previous cesarean births may be modified by history of prior vaginal birth. Life-threatening maternal outcomes overall were more common among women planning vaginal compared with cesarean birth regardless of history of prior vaginal delivery, but the risk of uterine rupture and requirement for blood transfusion were each elevated only among women without a previous vaginal delivery. Non-life threatening maternal outcomes, compared in composite, were decreased only among women with a prior vaginal delivery, as were rates of uterine dehiscence. The risk of death or life-threatening neonatal outcomes overall were significantly elevated only among women who had not had a prior vaginal delivery. The same was true for individual outcomes of an Apgar score of 3 or less at 5 minutes and admission to a neonatal intensive care unit. The risk of non-life threatening outcomes among neonates was significantly decreased only among women with a previous vaginal delivery. Differences in relative risks according to number of previous cesarean births (1 v. 2) were negligible. 
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Explanation and comparison with other studies
A prospective multicentre study that reported on singleton pregnancies after 1 or more previous cesarean births found comparable decreases in morbidity associated with planned vaginal birth with no prior vaginal deliveries compared with planned vaginal birth with 1 or more prior vaginal deliveries. 15 The rates of uterine rupture were 0.87% v. 0.45% compared with the results of our study (0.43% v. 0.19%). Corresponding rates of hypoxemic ischemic encephalopathy were 0.17% and 0.07%, higher than our rates. In this study, women were included if their prior vaginal birth took place after a previous cesarean and the birth took place in one of 19 participating academic medical centres. A 12-year, single-centre study reported a 1.1% rate of uterine rupture among planned vaginal births without prior vaginal delivery and a rate of 0.2% with prior vaginal delivery, midway between the multicentre study and our study. 16 Although it did not measure morbidity, a study in Quebec using a validated prediction model confirmed the significance of prior vaginal birth as a predictor of vaginal birth compared with cesarean birth. 22 A study from an academic teaching hospital in Montréal involving women with previous cesarean births who were planning a vaginal birth (n = 2204) reported a rate of uterine rupture of 1.5% in women with no prior history of vaginal delivery and a rate of 0.5% in women with a prior vaginal delivery. 17 Rates of uterine dehiscence in these women were 5.35% and 2.8%, respectively, considerably higher than our rates of 0.81% and 0.48%, respectively.
Our results are comparable to those reported by a retrospective study among 17 medical centres. 23 Similar to our study, rates of a composite maternal outcome incorporating uterine rupture, uterine artery laceration and bladder and bowel injuries were twice as high (2.84% v. 1.07%) among women with no prior vaginal births compared with women with 1 or more prior vaginal births. The rates of uterine rupture in that study were 1.94% and 0.40%, respectively, compared with our corresponding rates of 0.43% and 0.19%, respectively.
Limitations
Our findings are limited by our retrospective design in which we rely on the coding protocols used by health-records staff, 
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which in turn rely on diagnoses charted by caregivers who may not use consistent standards for differentiating, for example, uterine rupture from dehiscence. However, we do not believe that documentation would differ by exposure groups. Furthermore, the use of composite measures limits comparison among studies, but we also included comparisons of individual outcomes. We anticipate that women would want to know the risk of any serious outcome versus a series of comparisons for individual outcomes. Our study is further restricted by our observational design that precludes our inability to control for preferences among primary caregivers and other potentially important but unmeasured confounders, including the indication for the initial cesarean birth. This is an inevitable consequence of the inability to study mode of birth in a randomized trial because women have not been willing to relinquish choice of planned mode of birth. The smaller sample size of women with a history of cesarean birth and vaginal delivery resulted in wide confidence intervals for this group. Finally, we did not have access to data for interpregnancy interval and ethnicity.
Conclusion
Decision-making regarding planned mode of delivery after a prior cesarean birth is complex. In consideration of safety, advantage may be attributed to planned vaginal or repeat cesarean birth depending on whether one is assessing maternal or neonatal outcomes, the level of morbidity involved and the nature of the outcomes. Overall, risks for adverse outcomes after 1 or 2 previous cesarean births are reduced among women with a prior vaginal birth compared with no prior vaginal birth. Absolute differences between planned vaginal birth compared with planned cesarean birth remain small. Our data may encourage the development of decision aids that weigh women's values for safety for different categories of outcomes. Our data offer women and their caregivers the opportunity to consider risk profiles separately for women who have and have not had a prior vaginal delivery. A consistent finding across comparisons is that absolute risk differences remain small, at most 2%, whereas ratio measures show increases as high as ninefold. We encourage the inclusion of absolute measures of risk in patient counselling to provide more interpretable comparisons. Note: CI = confidence interval, NICU = neonatal intensive care unit, RR = relative risk. *Excludes infants with congenital anomalies. †Baby had high acuity or was at risk of high acuity, and required multispecialty care. ‡Baby required increased observation and acute management.
